shown. An analysis of the obtained data allow us to consider PIP2;1 expression as a possible molecular marker in maize breeding for drought tolerance.
To date, it is well known that aquaporins, which are membrane proteins forming the water channels, ensure the transport of water through membranes and/or facilitate the transport of small neutral solutes (urea, boric acid, silicic acid) or gases (ammonia, carbon dioxide), and thus they are involved in many basic vital important processes such as cell signalling, stress responses and nutrient acquisition [1] [2] [3] . The multiple mechanisms, including the regulation of transcript or protein abundance, subcellular trafficking, or gating by phosphorylation or cytosolic protons, can regulate the aquaporin transport activity [2] .
Aquaporins of the plasmalemma (plasma membrane intrinsic proteins, PIPs) are the most numerous family in plants, which is divided in 2 subfamilies: РІР1 and РІР2, the latter is characterized with a significantly more capability of the water tranport in comparison with PIP1 [4] . In the Arabidopsis thaliana L. genome, there are 35 genes coding aquaproteins [5, 6] , 36 genes -in Zea mays L. [7] , and 33 genes in Oryza sativa L. [8] . Different responses of PIP aquaporin genes to water stress -enhancement or weakening of the expression or absence of any response -have been established that supposes their unequal role in the regulation of the water transport through a membrane. It is suggested that aquaporins play distinct roles in facilitating a water flux and maintaining the water potential in cells along with various water transport activities. In addition, aquaporins are involved in the plant adaptation to water deficiency [3, 9] . Therefore, an aim of our work was to study the PIP2;1 aquaporin gene expression in four, different for drought resistant hybrids of Z. mays grown under conditions of low soil moisture.
Material and Methods.
Four corn hybrids were selected, namely Dostatok (drought resistant) and Pereiaslavskii (moderately drought resistant) kindly provided by the Institute of Physiology and Genetics of the National Academy of Sciences of Ukraine (Kyiv), and Flagman (drought resistant) and Yacht (moderately drought resistant) kindly provided by the Breeding and Genetic Institute -a National Center for Seed Research and Variety Research (Odessa). 120 plants were grown in vegetation vessels filled with sandy substrate of optimum 70 % moisture under the tent during 10 days. Then 60 plants continued to grow under these conditions and were kept as controls, 60 plants continued to grow in the substrate of 30 % moisture for 10 days as this period of drought is critical for plant growth. Experiments were performed in three replicates. Substrate moisture was controlled every two days according to [10, pp. 75-77] .
The relative amounts of expression of mRNA encoding PIP2;1 aquaporin were determined in corn roots by the reverse transcription-polymerase chain reaction (RT-PCR). Total RNA was extracted using TRI-REAGENT (Sigma) according to the manufacturer protocol. Yield was determined using the absorbance of RNA at 260 nm. RT-PCR was carried on the FERMENTAS protocol (Lithuana) with an amplificator Terzik (DNA-technology, Russia). PCR was carried using the obtained cDNA and primers with 19-21 nucleotides:
Forward 5′-GTT CCA GAG CGC CTA CTT C -3′ Reverse 5′-GGG CTT GTC CTT GTT GTA GAT -3′. The PCR products were separated on 1.5 % agarous gel, visualized in ultraviolet light and photographed using the system of gel visualization Bio-Vision (VILBER LOURMAT). Actin gene expression was used as an endogenic control on passing the reaction with primers of 18-20 nucleotides.
Forward 5′-GTT CCA ACC ATC CCT TGT-3′ Reverse 5′-CGT GAT CTC CTT GCT CAT AC-3′. The level of gene expression was measured using GelAnalyzer2010a (www.GelAnalyzer.exe). Software Image Mater Total Lab™ was used to estimate the quantity of products. The obtained data are processed statistically using Microsoft Excel 2013.
Results and Discussion. At the mRNA level, different expressions of PIP2;1 in roots of drought-tolerant and drought-sensitive genotypes in normal conditions (substrate moisture 70 %), as well as their distinct responses towards water deficit (substrate moisture 30 %) (Fig. 1,  2) , are shown.
Expression of PIP2;1 increased in Dostatok and Flagman growing on the substrate with 30 % moisture, while expression of this gene lowered or remained at about the same level in Pereiaslavskii and Yacht under these conditions. In addition, these data indicate up-regulation of PIP2;1 transcripts in drought-resistance hybrid and down-regulation of transcripts in droughtsensitive upon water deficit, which supposes the genotype-specific aquaporin transcription in investigated maize genotypes.
The obtained results are consistent with available literature data on the participation of PIP aquaporins in plant responses to drought stress. So, distinct responses of PIP aquaporin genes to water stress by treatment with 20 % PEG have been revealed in Oryza sativa L. cultivars: drought-resistance upland Zhonghan 3 (spp. Indica) and drought-sensitive lowland Xiushui 63 (spp. Japonica) [11] . PIP aquaporin gene expression was significantly up-regulated in upland rice, whereas it remained unchanged or down-regulated in lowland rice. Up-or down-regulation of PIP genes was also described in A. thaliana under water deficit after the treatment with a 250-mM mannitol solution [6, 7] . Aquaporin gene expression varied in a Vitis hybrid (V. berlandieri × V. rupestris) Richter-110 depending on the type of aquaporin and the water stress intensity [12] .
The essential differences in РІР2 aquaporin gene expression has been revealed in closely related, but ecologically different Sium latifolium L. and Sium sisaroideum L. The level of mRNA of РІР2 aquaporin was higher in S. sisaroideum terrestrial plants growing under the conditions of moderate water deficit in comparison with that in aerial-aquatic S. latifolium growing in a river near the bank, and it increased when the temperature rose to 35-40 °C [13] . PIP aquaporin gene divergent expressions were shown in tolerant and sensitive genotypes of Saccharum officinarum L. under normal and drought stress conditions, pointing to the aquaporin transcription mRNA, rel. un. in this species to be potentially genotype-specific [14] , that is especially important for scanning molecular markers for plant breeding.
In our experiments, the genotype-specific regulation of PIP aquaporin gene expression was also revealed in responses of investigated maize hybrids different for drought tolerance to water deficiency. In addition, up-regulation of PIP2;1 aquaporin gene in maize drought-resistance hybrid Dostatok under 30 % substrate moisture correlated with the essential enhancement in the H + -ATPase hydrolytic activity, which was higher about three times in comparison with that in more drought-sensitive hybrid Pereiaslavskii [15] . The obtained data allow us to consider the PIP2;1 aquaporin gene expression as a molecular marker in maize breeding for drought tolerance.
